INTRODUCTION {#sec1-1}
============

It is probably surprising for most people to learn that saliva has been used in diagnostics for more than 2000 years.\[[@ref1]\] Ancient doctors of traditional Chinese medicine have concluded that saliva and blood are "brothers" in the body and they come from the same origin.\[[@ref2][@ref3]\] It is believed that changes in saliva are indicative of the wellness of the patient.\[[@ref4]\] The thickness and smell of saliva, as well as patients' gustatory sensation of their own saliva are all used as symptoms of a certain disease state of the body.\[[@ref5][@ref6]\]

Analyses of the properties of saliva using biochemical and physiological methodologies can be traced back to at least over a century ago.\[[@ref6]--[@ref8]\] It is obvious that in 1898, when Chittenden and Mendel\[[@ref9]\] conducted their study on the influence of alcoholic drinks upon digestion and secretion, the measurement of total organic constituents, salts, and chlorine in saliva was already being performed routinely.\[[@ref7][@ref9]\] In the late 19th century, researchers had already learnt that saliva had digestive powers,\[[@ref10]--[@ref12]\] mainly in the form of amylolysis\[[@ref13][@ref14]\] and proteolysis.\[[@ref15][@ref16]\] Studies in the early 20^th^ century had shown some evidence of the dietary effect of saliva.\[[@ref1][@ref12]\] Highly sensitive and high-throughput assays such as mass spectrometry,\[[@ref17][@ref18]\] RT-PCR,\[[@ref19][@ref20]\] microarray,\[[@ref21][@ref22]\] and nano-scale sensors\[[@ref23]\] that can measure proteins\[[@ref24][@ref25]\] and nucleic acids\[[@ref21][@ref26]\] with minimal sample requirement in a short period of time allowed scientists to broaden the utility of saliva.

BIOLOGY OF SALIVA {#sec1-2}
=================

Saliva is produced and secreted from salivary glands. The basic secretary units of salivary glands are clusters of cells called acini.\[[@ref2]\] These cells secrete a fluid that contains water, electrolytes,\[[@ref27]--[@ref30]\] mucus,\[[@ref7][@ref31]\] and enzymes,\[[@ref14][@ref32][@ref33]\] all of which flow out of the acinus into collecting ducts. Within the ducts, the composition of the secretion is altered.\[[@ref34]\] Much of the sodium is actively reabsorbed,\[[@ref35][@ref36]\] potassium is secreted,\[[@ref36]--[@ref38]\] and large quantities of bicarbonate ion\[[@ref39]\] are secreted. Small collecting ducts within salivary glands lead into larger ducts, eventually forming a single large duct that empties into the oral cavity.\[[@ref34]\]

Few important functions of saliva {#sec2-1}
---------------------------------

Saliva serves many roles,\[[@ref2]\] some of which are important to all species and others to only a few:

Lubrication and binding: The mucus in saliva\[[@ref40]\] is extremely effective in binding masticated food into a slippery bolus that (usually) slides easily through the esophagus\[[@ref41]\] without inflicting damage to the mucosa.\[[@ref10][@ref40][@ref42][@ref43]\]Solubilization of dry food: In order to be tasted, the molecules in food must be solubilized.\[[@ref44][@ref45]\]Oral hygiene: The oral cavity is almost constantly flushed with saliva, which floats away food debris and keeps the mouth relatively clean.\[[@ref46][@ref47]\] The flow of saliva diminishes considerably during sleep,\[[@ref29][@ref30][@ref42]\] allow populations of bacteria to build up in the mouth -- the result is dragon breath in the morning.\[[@ref47][@ref48]\] Saliva also contains lysozyme, an enzyme that lyses many bacteria and prevents the overgrowth of oral microbial populations.\[[@ref46]--[@ref50]\]Initiation of starch digestion: In most species, the serous and acinar cells secrete an alpha amylase which can begin to digest dietary starch into maltose.\[[@ref12][@ref44][@ref45]\]

INCREDIBLE INSIGHTS INTO HEALTH AND DISEASE ARE OFFERED THROUGH ANALYSIS OF SALIVA {#sec1-3}
==================================================================================

Scientists concur that the diagnosis and prevention of diseases using human saliva\[[@ref42][@ref51][@ref52]\] is about to be explored as more and more laboratories and medical practitioners get ready for this new technology.\[[@ref53][@ref54]\] Unlike blood testing, saliva analysis looks at the cellular level (the biologically active compounds) and therefore saliva is truly a representative of what is clinically relevant.\[[@ref52][@ref55]\] Blood analysis, on the other hand, looks at compounds as they travel through the blood serum, most of which are protein bound. Researchers experienced in saliva analysis are able to predict, diagnose, or prevent many health problems and diseases.\[[@ref8][@ref56][@ref57]\]

Molecules freely travel through the cells and into saliva ducts and it is these small molecules that can be assayed in saliva.\[[@ref58]\] Hormones are smaller molecules and can be tested in saliva\[[@ref59][@ref60]\] and they are indicators of health and diseased status in humans.\[[@ref58][@ref59][@ref60]\] A saliva test can make information available that may be obscured when looking for information in the blood.\[[@ref42]\]

A factor of significance when assaying saliva is that molecules at the cellular level are found at very low levels; hence results are reported in pico- to nanograms.\[[@ref23][@ref61]\] Only a small number of medical testing labs have so far developed the technology to assay such a lower concentration of biologically active molecules like proteins,\[[@ref25][@ref51][@ref62]\] RNA,\[[@ref21][@ref63]\] and DNA.\[[@ref64]\] The technology however is improving all the time. The new technology development is extremely sensitive and easily measures the low levels of biologically active molecules found in saliva.\[[@ref55]\]

Just a few of the many health issues and diseases that can be diagnosed through saliva and helped, resolved, or prevented through supplementation include but not limited to the\[[@ref56]\] following: acne,\[[@ref58]\] cholesterol,\[[@ref61]\] male pattern baldness,\[[@ref61]\] cancer,\[[@ref65][@ref66]\] stress,\[[@ref67]\] heart problems,\[[@ref68]\] heart palpitations,\[[@ref68]\] allergies,\[[@ref8]\] cold body temperature,\[[@ref1]\] sleep problems,\[[@ref1]\] inability to absorb calcium,\[[@ref38][@ref69]\] and difficulties in conceiving.\[[@ref70][@ref71]\] In fact it is hormone supplementation\[[@ref59][@ref60]\] that has become the centerpiece of those growing number of doctors who have joined the emerging science of antiaging medicine.\[[@ref18]\]

WHAT\'S NEXT? SALIVA TESTING OFFERS A POTENTIAL SUBSTITUTE TO BLOOD TESTING {#sec1-4}
===========================================================================

Proteomics {#sec2-2}
----------

Researchers have identified the largest number of proteins to date in human saliva,\[[@ref25][@ref72]\] a preliminary finding that could pave the way for more diagnostic tests based on saliva samples.\[[@ref56]\] Such tests show promise as a faster, cheaper, and potentially safer diagnostic method than blood sampling.\[[@ref51][@ref73]\] There is a growing interest in saliva as a diagnostic fluid,\[[@ref56]\] due to its relatively simple and minimally invasive collection.\[[@ref74]\] The same proteins present in blood are also present in saliva from fluid leakage at the gum line. It is considerably easier, safer, and more economical to collect saliva than to draw blood, especially in children and elderly patients.\[[@ref61][@ref75]\] While saliva tests won't replace blood tests for all diagnostic applications, but in the future they could prove to be a potentially life-saving alternative to detect diseases where early diagnosis is critical, such as certain cancers.\[[@ref54][@ref65][@ref66][@ref76][@ref77]\]

Diagnostic assays using saliva are a relatively new but growing technology.\[[@ref54]\] Several tests are in the pipeline for uses ranging from pregnancy testing\[[@ref71][@ref78][@ref79]\] to the detection of chemicals such as alcohol\[[@ref9]\] and other drugs.\[[@ref8][@ref18][@ref80]\] One of the hurdles in developing new tests is a lack of understanding of the human proteome,\[[@ref54]\] or the study of large sets of proteins,\[[@ref25][@ref62][@ref72]\] particularly those that can serve as biomarkers\[[@ref81][@ref82]\] for the presence of disease.\[[@ref1][@ref65][@ref66][@ref83]\]

Most proteome studies have focused on specific tissues and human blood samples, but a few studies represent the salivary proteome. Not much is known yet about the salivary proteome, but more should be known in the near future.\[[@ref53][@ref70][@ref73][@ref84]\] Using two-dimensional gel electrophoresis in combination with mass spectrometry,\[[@ref17]\] other researchers were able to identify up to 28 proteins in saliva, including 19 proteins only found in saliva and 9 proteins also present in blood serum.\[[@ref72][@ref85]--[@ref87]\]

Using a single saliva sample from a healthy, nonsmoking male subject,\[[@ref88]\] the researchers were able to identify 102 proteins, including 35 salivary proteins and 67 common serum proteins.\[[@ref62][@ref72][@ref85][@ref89]\] Identifying all of the serum proteins present in saliva could take many more years. With advances in instrumentation, it is predicted that the number of serum proteins identified in saliva will increase significantly, although it will probably never match the number of serum proteins found in blood,\[[@ref90]\] mainly because serum proteins\[[@ref72]\] are only a tiny part of saliva, described as a dilute, watery solution containing electrolytes, minerals, buffers, and proteins.\[[@ref27][@ref28][@ref29][@ref30][@ref72]\] Blood tests are a well-established, proven methodology, and it may take some time before saliva tests can become as reliable as serum tests. In the future, patient and doctors can look forward to more saliva-based tests.\[[@ref1][@ref3][@ref6]\]

Genomics {#sec2-3}
--------

Saliva and other oral fluids support a host of functions in the oral cavity.\[[@ref44]\] These fluids reduce biomass and provide mechanical cleansing of teeth,\[[@ref42][@ref91]\] provide an optimal pH in which oral functions are efficiently carried out, and contain an array of antimicrobial components.\[[@ref34][@ref47][@ref48]\] Saliva is not merely an ultrafiltrate of plasma; it contains the entire library of proteins, hormones, antibodies, and other molecular compounds which are typically measured in routine blood tests.\[[@ref1][@ref10][@ref25][@ref43][@ref47][@ref59][@ref60]\] Thus, saliva functions as a diagnostic window to the body, both in health and in disease. Oral samples include saliva, as well as buccal swabs, and mucosal transudates.\[[@ref6][@ref34][@ref42][@ref92][@ref93]\] Saliva, as a diagnostic medium, is easy to collect and poses none of the risks, fears, or invasiveness of drawing blood. Salivary diagnostic tests could eliminate the need not only for a trained technician but also of the potential risk of contracting infectious disease for both a technician and the patient.\[[@ref6][@ref53][@ref54]\]

Scientists have long recognized saliva as a mirror of the state of the body\'s health. Until recently, the problem with developing the field of salivary diagnostics was that specific and informative biomarkers exist in saliva in relatively low quantities.\[[@ref65][@ref81][@ref82]\] However, the development of new, exquisitely sensitive amplification techniques such as RT-PCR,\[[@ref90]\] Q-PCR,\[[@ref90][@ref94]\] and high-density oligonucleotide microarrays\[[@ref17][@ref18]\] has demonstrated the feasibility of using saliva as a diagnostic probe\[[@ref53]\] for the rapid and unambiguous detection of oral biomarkers.\[[@ref81]\] Interestingly, saliva acts as a wide resource for genomic information useful for studying the potential disease status by analyzing their RNA level \[[Figure 1](#F1){ref-type="fig"}\].\[[@ref65][@ref73][@ref77][@ref95]\]

![The RNA profile in whole saliva](JNSBM-2-53-g001){#F1}

Interestingly, a cadre of scientific groups is advancing the development of micro- and nanotechnology-based biosensors\[[@ref23]\] to detect salivary biomarkers.\[[@ref81][@ref82]\] Current efforts also focus on cataloging the human salivary proteome. Future efforts will determine differences in salivary biomarkers from healthy controls compared with those in patients with a variety of diseases and disorders.\[[@ref52][@ref53][@ref81][@ref96]\]

Testing for HIV positivity\[[@ref75][@ref97][@ref98]\] is one example of a powerful use of saliva in the diagnosis of infectious diseases. Early efforts indicate that there exist differences in patterns of mRNA expression in saliva that would indicate the presence of a developing oral squamous cell carcinoma.\[[@ref76][@ref84][@ref99][@ref100]\]

Salivary mRNA may serve as a chemical signature that a particular gene has been expressed. There is also evidence that saliva may be useful for monitoring the presence of biomarkers indicating the presence of neoplasia in remote sites, for instance, breast cancer.\[[@ref96][@ref101][@ref102]\] Salivary diagnostic tests may provide an avenue to allow for the detection of malignancies at a sufficiently early stage that treatment is likely to be successful, and to provide inexpensive testing which will reduce affordability and accessibility barriers to early diagnosis.\[[@ref53][@ref66][@ref84][@ref99][@ref101]\]

CONCLUSION {#sec1-5}
==========

Each of us may have inside our mouths a key to the pathological and disease biomarker library hidden inside our bodies. Saliva -- the source of all this information -- is the secretory product of glands located in or around the oral cavity. If we could read the stories of diagnostic information present within saliva, then the abundance of information waiting to be found could be comparable to a vast vault of information such as the internet. The relationship between salivation and behaviors within our daily lives is undeniable. Yet most people never appreciate the uniqueness of saliva. Throughout the world, saliva carries definite positive and negative connotations with it based upon its social, psychological, behavioral, and cultural settings. The thought of saliva may be viewed as grotesque in one population, yet conversely it may be the vehicle of blessing in other cultures. Saliva\'s double nature brings up some interesting cultural, social, behavioral, and psychological points about how saliva is perceived in the world, some of which are stated below in order to present saliva as the spirited fluid it is.

Efforts on the discovery of analytes in the saliva of normal and diseased subjects suggest an additional function of saliva, a local and systematic diagnostic tool. Analytes used for disease detection range from proteins, to antibodies, and nucleic acids that are of either human microorganism origins. Highly sensitive and high-throughput assays such as mass spectrometry, RT-PCR, microarray, and nano-scale sensors that can measure proteins and nucleic acids with a minimal amount of sample requirement in a short period of time allowed scientists to broaden the utility of saliva as a diagnostic tool.

As research evidence accumulates, saliva-based diagnostics are being widely accepted by clinicians and patients. Research efforts are underway to reveal the connection of salivary changes in all aspects to systemic health status. The noninvasive nature and ease of collection have made saliva the fluid of choice for not only diagnostic but also the more important health surveillance purposes.
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